Median survival for patients with metastatic pancreatic cancer (MPC) treated with combination chemotherapeutic agents such as gemcitabine-based regimens and FOLFIRINOX is currently less than 12 months. This highlights the need for more efficacious first-line, as well as second-line therapies. Nanoliposomal irinotecan, in combination with 5-fluorouracil (5-FU)/folinic acid has recently been assessed as second-line therapy after initial gemcitabine-based therapy. It is the first, second-line treatment approved by the US Food and Drug Administration to treat patients with MPC based on results of the NAnoliPOsomaL Irinotecan (NAPOLI-1) study, which showed that this regimen significantly prolonged progression-free survival (3.1 months versus 1.5 months) and overall survival (6.2 months versus 4.1 months) compared with 5-FU/folinic acid alone. In addition, this study also represented an important step forward in improving the efficacy of previously used chemotherapeutic agents by using nanoformulation to extend pharmacokinetic advantages such as slow clearance, low steady-state volume of distribution, and longer half-life. However, certain adverse effects that are seen more frequently with nanoliposomal irinotecan and 5-FU/folinic acid, compared with 5-FU/folinic acid alone, include neutropenia, fatigue, diarrhea, and nausea/vomiting. This merits close monitoring of patients who are on this combination, since these adverse events may necessitate dose reductions and growth factor support. It is imperative to check UGT1A1 gene status in all patients being considered for treatment with nanoliposomal irinotecan. Patients found to be homozygous for the UGT1A1*28 gene need to be started on a lower initial dose. As we gain more data with clinical use, we anticipate further characterization of the aforementioned toxicities in patients with UGT1A1 gene polymorphisms and other genetic variants.
Introduction
Pancreatic cancer is currently the fourth leading cause of cancer-related mortality in the USA. This is second only to colorectal cancer as a cause of gastrointestinal cancer-related death [Fernandezdel Castillo et al. 2016] . Overall, pancreatic cancer represents the eighth leading cause of cancerrelated mortality in men (138,100 deaths annually) and the ninth in women (127,900 deaths annually) in the world [Jemal et al. 2011] . Its incidence in the general population is estimated to be 8.8 per 100,000, however, the disease is rarely seen in patients younger than 45 years [Ries et al. 2002] . In the USA, approximately 53,070 patients are diagnosed with pancreatic cancer annually, and almost all unfortunately are expected to die from the disease [Siegel et al. 2016] . In general, the ethnicities with the highest incidence of pancreatic cancer include Maoris, native Hawaiians, and African-American populations, while people living in India and Nigeria have the lowest reported incidence [Hariharan et al. 2008 ].
Incidence and death rates vary by gender and race [Zhang et al. 2008 ]. The incidence is greater in men than women (male-to-female ratio 1.3:1), and in blacks (14.8 per 100,000 in black males compared with 8.8 per 100,000 in the general population) [Ries et al. 2002] . However, more recently, data suggest that these ethnic differences may be decreasing [Ma et al. 2013] .
Surgical resection is a potentially curative treatment, but unfortunately, only 20% of patients with malignancy limited to the pancreas are candidates for pancreatectomy. In 80% of patients, there is regional tumor extension or distant metastasis at presentation, thus chemotherapy is the primary treatment [Ma et al. 2016] . Chemotherapy remains the mainstay of treatment for patients diagnosed with metastatic pancreatic cancer and provides benefit in terms of symptomatic relief and survival [Oettle et al. 2014] .
First-line treatment of metastatic pancreatic carcinoma: a historical perspective
Chemotherapy remains the mainstay of treatment for patients diagnosed with metastatic pancreatic carcinoma (MPC). The first randomized controlled trial which showed a survival advantage in patients with unresectable pancreatic carcinoma used 5-fluorouracil (5-FU), methotrexate, vincristine, and cyclophosphamide which resulted in overall survival of 44 weeks compared with 9 weeks with best supportive care (BSC) [Mallinson et al. 1980 ]. Palliative chemotherapy with 5-FU has been a historical benchmark in the treatment of MPC and studies reveal a radiographic objective response rate of 0-9% and a rise in a median survival of 2.5-6 months [Crown et al. 1991; DeCaprio et al. 1991; Van Rijswijk et al. 2004] . However despite attempts to utilize additional agents including doxorubicin, actinomycin-D, cyclophosphamide, methotrexate, and vincristine, either alone or in combination with 5-FU, none of those regimens increased survival beyond 6 months [Schein et al. 1978; Kelsen et al. 1991; Cullinan et al. 1990 ].
In 1997, gemcitabine was established as a new standard of care showing superiority over 5-FU after the results published by Burris and colleagues. In this randomized controlled trial, gemcitabine was compared with 5-FU in 126 patients. The study did not show significant differences in objective response rate. However, it demonstrated improvement in median overall survival (5.65 months versus 4.41 months) and 1-year survival rates (18% versus 2%). It also showed improvement in quality-of-life measures, that is, clinical benefit response (23.8% versus 4.8%), which was a composite measure of pain, Karnofsky performance status, and weight [Burris et al. 1997 ].
Genetic studies reveal that pancreatic cancers often express epidermal growth factor receptors (EGFRs). Therefore, the addition of moleculartargeted therapy (against EGFRs) to gemcitabine was evaluated [Bruns et al. 2000 ]. In 2007, gemcitabine was compared with gemcitabine plus erlotinib, an oral tyrosine kinase inhibitor that binds to the EGFR [Moore et al. 2007 ]. There were no significant differences in objective response rate. However, the gemcitabine plus erlotinib group exhibited an improvement in median overall survival (6.24 months versus 5.91 months) and 1-year survival rates (23% versus 17%). Despite approval from the US Food and Drug Administration (FDA), the use of erlotinib has not been widely practiced due to its modest incremental survival benefit when added to gemcitabine (hazard ratio [HR]: 0.81) for overall survival and substantial toxicities. In 2010, gemcitabine was compared with gemcitabine plus cetuximab, a monoclonal antibody against EGFRs. This study did not demonstrate significant differences in median overall survival, progression-free survival, and objective response rate [Philip et al. 2010 ].
The ACCORD trial used FOLFIRINOX, a multidrug combination agent consisting of bolus plus infusional 5-FU, folinic acid, irinotecan, and oxaliplatin administered on a biweekly dosing schedule to single-agent gemcitabine in patients with previously untreated MPC and intact functional status (Eastern Cooperative Oncology Group performance status of 0-1) [Conroy et al. 2011] . The study established FOLFIRINOX as a first-line therapy for patients with MPC and good performance status. The FOLFIRINOX group had improvements in objective response rate (31.6% versus 9%, p < 0.001), median progression-free survival (6.4 months versus 3.3 months; p < 0.001), and overall survival (11.1 months versus 6.8 months). However, the superiority of FOLFIRINOX was at the cost of greater toxicities and only feasible in a subset of patients who were able to tolerate aggressive chemotherapy [Ur Rehman et al. 2016; Ko, 2016] .
Based on the MPACT trial, a combination chemotherapy regimen of gemcitabine and 130 nm albumin-bound formulation of paclitaxel particles (nab-paclitaxel, Celgene, Summit, NJ, USA) has recently been approved by the FDA for advanced pancreatic cancer. In this trial 861 patients with MPC were randomized to receive gemcitabine alone or in combination with nabpaclitaxel [Von Hoff et al. 2013] . Patients receiving nab-paclitaxel had superior outcomes compared with those receiving gemcitabine alone. These included a significantly improved median overall survival (8.5 months versus 6.7 months, p < 0.001), progression-free survival (5.5 months versus 3.7 months, p < 0.001), and tumor response rate (23% versus 7%; p < 0.001, respectively), thus leading to FDA approval of nabpaclitaxel for this indication in 2014 [Ko, 2016; Von Hoff et al. 2013] .
Second-line treatment of MPC
Although standard of care for treatment of pancreatic cancer has been established in the firstline setting since 1997, there are limited data to support standard of care for second-line chemotherapy in MPC. Since the recent FDA approval of nanoliposomal irinotecan (Onivyde) as a second-line agent for MPC, the landscape of treatment may change.
What is nanoliposomal irinotecan and what is its role in MPC?
Nanoliposomal irinotecan (Onivyde TM , Merrimack Pharmaceuticals, Cambridge, MA, USA) was approved by the FDA in October 2015, in combination with 5-FU and folinic acid (leucovorin), for the treatment of patients with MPC after disease progression following gemcitabine-based therapy [Oettle et al. 2014] .
Nanoliposomal irinotecan inhibits the activity of topoisomerase I resulting in DNA damage and subsequent apoptosis [Oettle et al. 2014 ]. Following administration, nanoliposomal irinotecan remains 95% encapsulated within a lipid bilayer vesicle. The liposomal bilayer protects irinotecan from conversion to its active metabolite (SN-38) in the circulation, thereby increasing intratumoral levels of both irinotecan and SN-38. Local metabolic activation increases its therapeutic window and potentially minimizes toxicity Carnivale and Ko, 2016] . The metabolism of the nanoliposomal irinotecan formulation has not been thoroughly evaluated. However, following intravenous administration, standard irinotecan undergoes metabolism via esterases to SN-38. This metabolite is subsequently activated by uridine diphosphate glucuronosyl transferase (UGT1A1). Patients homozygous for the UGT1A1*28 allele achieve higher levels of SN-38. Therefore, these individuals may require lower dosages of irinotecan [Chang et al. 2015; Drummond et al. 2006 ].
The initial starting dose of the nanoliposomal irinotecan base is 70 mg/m 2 . The dose is infused over 90 min, every 2 weeks prior to folinic acid and FU. In patients, homozygous for the UGT1A1*28 allele, the starting dose is reduced to 50 mg/m 2 administered by intravenous infusion over 90 min. The dose may be increased up to 70 mg/m 2 as tolerated in subsequent cycles.
Nanoliposomal irinotecan, in combination with folinic acid and 5-FU, is emerging as an acceptable second-line option in patients with MPC previously treated with gemcitabine-based therapy. This regimen is more expensive than FOLFOX, another second-line treatment regimen. Compared with the irinotecan base (100 mg/5 ml), which costs US$470.70, one vial (10 ml of 4.3 g/ml) of liposomal irinotecan costs US$1704.56. Despite its higher cost, it may represent a possible alternative in patients with disease regression who may not be able to tolerate FOLFOX therapy [Oettle et al. 2014 ].
Second-line treatment in MPC: clinical trials in perspective
Pancreatic cancer that demonstrates disease progression after gemcitabine-based regimens poses a serious challenge to patient management. Pelzer and colleagues initiated a phase III multicenter study comparing oxaliplatin, folinic acid, and 5-FU (OFF) versus BSC in patients with advanced pancreatic cancer progressing while on gemcitabine therapy [Pelzer et al. 2011] . After the inclusion of 46 patients, the trial was terminated due to lack of acceptance of BSC by patients and physicians. Median overall survival for the patients allocated to OFF was 9.09 months (95% confidence interval [CI]: 6.97-11.21) compared with 7.90 months (95% CI: 4.95-10.84) for patients in the BSC arm (0.50 [95% CI: 0.27-0.95]; p = 0.031). Despite its premature termination, this randomized trial provided evidence for the benefit of second-line chemotherapy compared with BSC alone for patients with advanced pancreatic cancer.
Subsequently, a phase III, open-label randomized controlled trial including 168 patients was performed (CONKO-003). During this study, the OFF regimen was compared with folinic acid and fluorouracil (FF) alone [Oettle et al. 2014 ]. Median overall survival was significantly better in the OFF regimen compared with FF (5.9 months and 3.3 months, respectively, HR: 0.66, 95% CI: 0.48-0.91; p = 0.01). The most frequent adverse effects in the group receiving the OFF regimen were grade 1-2 paresthesia (38.2%) and grade 3 paresthesia (4.0%).
To date, there are no prospective trials for FOLFIRINOX as second-line therapy (short-term infusional 5-FU, folinic acid, irinotecan, and oxaliplatin) in patients treated initially with gemcitabinebased therapy. In a retrospective single-center study including 27 patients, this combination was found to be associated with a median time to tumor progression of 5.4 months, while the median overall survival in this patient group was 8.5 months. Grade 3-4 neutropenia occurred in 15 out of 27 patients [Assaf et al. 2011 ].
Nanoliposomal irinotecan as monotherapy for the treatment of gemcitabine-refractory pancreatic cancer was first evaluated in a phase II study in 2013 [Ko et al. 2013] . A total of 40 patients with metastatic pancreatic adenocarcinoma, Karnofsky performance status of 70 or greater, with documented progression following gemcitabine-based therapy were eligible. A dose of 120 mg/m 2 of nanoliposomal irinotecan (PEP02) was administered every 3 weeks. The primary endpoint used in this study was 3-month survival. Results revealed that 30 patients (75%) survived at 3 months. Further analysis showed median progression-free survival and overall survival of 2.4 months and 5.2 months, respectively. The most common severe adverse events included neutropenia, abdominal pain, asthenia, and diarrhea.
Role of nanoliposomal irinotecan in other gastrointestinal malignancies. The PEPCOL (PEP02 in colorectal cancer) study was undertaken to evaluate therapy for second-line metastatic colorectal cancer. It revealed that the partial response rate for folinic acid/5-FU/nanoliposomal irinotecan was 14.3% and progression-free survival was 5.0 months. These response rates were comparable with those in the mFOLFIRI-3 (modified 5-FU/ folinic acid and irinotecan) arm of that study [Chibaudel et al. 2016] .
In a phase II study for the second-line treatment of gastric and esophagogastric junction cancers, nanoliposomal irinotecan was comparable with irinotecan or docetaxel, with the overall response rate of 13.6% versus 15.9% observed with docetaxel [Roy et al. 2013] . These studies subsequently paved the way for the phase III NAPOLI-1 trial.
NAPOLI-1 trial
The phase III NAPOLI-1 study was an openlabel, randomized controlled trial at 76 sites in 14 countries involving patients with metastatic pancreatic ductal adenocarcinoma who demonstrated disease progression after previous gemcitabinebased therapy in a neoadjuvant, adjuvant, locally advanced, or metastatic setting . Important inclusion criteria were: (a) Karnofsky performance status score ⩾ 70; (b) adequate hematological (including absolute neutrophil count >1.5 × 10 9 cells/L); (c) adequate hepatic function (including normal serum total bilirubin, according to local institutional standards, and albumin levels ⩾ 30 g/L); (d) adequate renal function. Randomization was made on the basis of baseline albumin levels (⩾ 40 g/L versus < 40 g/L), Karnofsky performance status (70 and 80 versus ⩾ 90), and ethnic origin (white versus East Asian versus all others).
A total of 417 patients were included in this study. These patients were randomly assigned (1:1:1) to receive nanoliposomal irinotecan monotherapy (120 mg/m² every 3 weeks, equivalent to 100 mg/ m² of irinotecan base) (n = 151), 5-FU and folinic acid (n = 149), or nanoliposomal irinotecan (80 mg/m², equivalent to 70 mg/m² of irinotecan base) with FU and folinic acid every 2 weeks (n = 117) ( Figure 1) .
The primary endpoint utilized in this trial was overall survival, assessed in the intention-to-treat population. Median overall survival in patients assigned to nanoliposomal irinotecan plus 5-FU and folinic acid was better compared with 5-FU and folinic acid, that is, 6.1 months (95% CI: 4.8-8.9) versus 4.2 months (3.3-5.3) (HR: 0.67, 95% CI: 0.49-0.92; p = 0.012) ( Figure 2) .
No difference in median overall survival was observed between patients assigned to nanoliposomal irinotecan monotherapy and those allocated to 5-FU and folinic acid (4.9 months [4.2-5.6] versus 4.2 months [3.6-4.9]; 0.99, 0.77-1.28; p = 0.94). Notably with respect to overall survival, the control arm in NAPOLI-1 performed better than the historical control observed in CONKO-003 (3.3 months in CONKO-003 versus 4.2 months in NAPOLI-1). However, the same dose and schedule of 5-FU and folinic acid were used as control in both of these studies. A total of 19 (16%) patients assigned to nanoliposomal irinotecan plus 5-FU and folinic acid achieved an objective response compared with 1 patient (1%) allocated to 5-FU and folinic acid (p < 0.0001). A total of 9 (6%) patients randomized to monotherapy with nanoliposomal irinotecan achieved an objective response compared with 1 (1%) of 149 patients assigned to FU and folinic acid (p = 0.02). Factors associated with improved overall survival in patients who were assigned nanoliposomal irinotecan plus 5-FU and folinic acid versus 5-FU and folinic acid alone included: (a) Karnofsky performance score < 90; (b) a concentration of albumin < 40 g/L, (c) CA19-9 antigens > 40 IU/ml; (d) renal function.
This landmark trial led to approval of nanoliposomal irinotecan in combination with 5-FU and folinic acid by the FDA in October 2015 to treat patients with MPC previously treated with gemcitabine-based chemotherapy (http://www.fda.gov/ NewsEvents/Newsroom/PressAnnouncements/ ucm468654.htm; accessed 25 September 2015) [Ma et al. 2016 ].
Genetic polymorphisms
In today's era of personalized oncology, it is vitally important to identify germline genetic variations that can lead to pharmacokinetic variability of chemotherapeutic agents. This information also finds application in genotype-driven dosing in each individual. Since liposomal irinotecan has recently been approved, pharmacogenomic data on nanoliposomal irinotecan are not available. Therefore, the accuracy with which pharmacogenomic data of free irinotecan base can be extrapolated to nanoliposomal irinotecan is undetermined.
With reference to irinotecan, certain genetic polymorphisms have a significant impact on the circulating level of its active metabolite SN-38, and hence on the estimation of maximum tolerated dose and prediction of dose-limiting toxicities. UGT1A1 is an enzyme involved in the glucuronidation of SN-38 to the inactive metabolite SN-38G [Wang-Gillam et al. 2016] . The homozygous variant of UGT1A1*28 allele (occasionally the heterozygous variant as well) has an association with diminished SN-38 glucuronidation. This leads to increased exposure to the active irinotecan metabolite SN-38, and a substantially increased risk of irinotecan-related toxicity, especially with regards to grade 3-4 neutropenia and diarrhea [Toffoli et al. 2006; Han et al. 2006; Phelps and Sparreboom, 2014; Liu et al. 2014] . Heterozygous or homozygous polymorphisms in the UGT1A1*6 variant (alone or combined with UGT1A1*28 heterozygous polymorphism) have been associated with an increased incidence of severe neutropenia in patients receiving irinotecan [Onoue et al. 2009; Cheng et al. 2014 ].
The phase II study on the role of liposomal irinotecan in metastatic gastric cancer demonstrated that heterozygosity for the UGT1A1*6 enzyme was associated with increased frequency of grade 3-4 neutropenia compared with wild type . However, in the phase II study carried out by Ko and colleagues no correlation between UGT1A1 genetic polymorphisms and toxicities of nanoliposomal irinotecan was found [Ko et al. 2013 ]. In the NAPOLI-1 study, 14 recipients of nanoliposomal irinotecan were homozygous for UGT1A1*28 ]. One of those 14 patients discontinued therapy due to grade 3 vomiting while another patient required further dose reduction to 40 mg/m 2 . Three out of seven homozygous patients for UGT1A1*28 in the combination regimen group were able to escalate back to the standard initial dose.
Due to the paucity of data on the pharmacogenomics of patients undergoing treatment with nanoliposomal irinotecan, further studies are warranted to elucidate changes in dosage needed with specific polymorphisms. However, until such studies are available, FDA recommends testing for UGT1A1 polymorphisms and dose reducing by 20 mg/m 2 initially, with subsequent dose increase in the absence of drug-related toxicities.
Toxicity of liposomal irinotecan
The NAPOLI 1 study is the largest study to date involving liposomal irinotecan . Table 1 shows a comparison of toxicities observed in the three treatment arms in that study. The most common adverse events of all grades in patients whose treatment included nanoliposomal irinotecan were neutropenia, diarrhea, nausea, and vomiting. Adverse events that resulted in a dose reduction occurred in 39 (33%) patients in the nanoliposomal irinotecan/5-FU/ folinic acid group, 46 (31%) patients in the nanoliposomal irinotecan monotherapy group, and 5 (4%) patients who received 5-FU and folinic acid alone. Grade 3-4 neutropenic sepsis was observed in nine (9%) patients who received nanoliposomal irinotecan (either in combination or as monotherapy) with no events reported in the control group. The need to administer granulocyte colony-stimulating factor was observed in 20 (17%) patients receiving nanoliposomal irinotecan/5-FU/folinic acid compared with 17 (12%) patients in the nanoliposomal irinotecan monotherapy arm and 1 (1%) patient in the FU and folinic acid group.
Out of 47 patients who died during the study or within 30 days of the last dose of study drug, 5 had their death attributed directly to the treatment. The most common treatment-attributable adverse events that led to mortality included gastrointestinal toxic effects (nanoliposomal irinotecan monotherapy), infectious enterocolitis (nanoliposomal irinotecan monotherapy), septic shock (nanoliposomal irinotecan plus 5-FU and folinic acid), and disseminated intravascular coagulation with pulmonary embolism (nanoliposomal irinotecan monotherapy).
Due to the adverse effects mentioned above, the recommendations for patients who experience grade 3-4 adverse toxicities are to stop nanoliposomal irinotecan for that treatment [Passero et al. 2016] . It is recommended that complete blood cell count be monitored on days 1 and 8 of every cycle, or more frequently if clinically indicated. It is also recommended to withhold liposomal irinotecan if the absolute neutrophil count drops below 1500/mm 3 or the patient develops febrile neutropenia. Liposomal irinotecan should also be withheld in the setting of grade 2-4 diarrhea. Loperamide or subcutaneous atropine (0.25-1 mg) is recommended for late or early onset diarrhea of any severity, respectively. Once there is recovery to grade 1 diarrhea, liposomal irinotecan can be resumed at a reduced dose. Since liposomal irinotecan can lead to severe interstitial lung disease, it is recommended to withhold it in patients with new or progressive dyspnea, cough, and fever, pending diagnostic evaluation (http:// www.accessdata.fda.gov/drugsatfda_docs/label/ 2015/207793lbl.pdf).
Reduction in dose of nanoliposomal irinotecan is recommended in patients without UGT1A1*28 homozygosity who demonstrate recovery to at least grade 1 toxicity following a grade 3-4 adverse event. The dose reduction should be from 70 mg/m 2 to 50 mg/m 2 after the first occurrence and from 50 mg/m 2 to 43 mg/m 2 after the second occurrence. For homozygous patients without previous dose increment to 70 mg/m 2 , the recommended dose reductions in the case of grade 3-4 toxicities is from 50 mg/m 2 to 43 mg/m 2 , and to 35 mg/m 2 in the case of first and second adverse events, respectively [Passero et al. 2016] .
Future of treatment
As the first second-line agent approved by FDA when given in combination with 5-FU and folinic acid, nanoliposomal irinotecan offers a new avenue in the second-line treatment of pancreatic cancer for patients who have previously failed gemcitabine. Furthermore, as more data about specific biomarkers come along in the prediction of treatment response and potential toxicity, we should be able to make evidence-based decisions about its use in more chemotherapeutic regimens. As cancer chemotherapy takes rapid strides in its evolution, this study reiterates the scientific rationale to develop efficient liposome-based drugs. This in turn calls for its trial in the first-line setting of malignancies including but not limited to pancreatic and colorectal cancer. This study also underlines the importance of developing not only more efficacious first-line, but also second-line therapies in MPC. UGT1A1 testing is needed prior to initiation of treatment with nanoliposomal irinotecan since it has a significant impact on dosage modification. As mentioned above, it is recommended that the initial dose be reduced in patients homozygous for the UGT1A1*28 enzyme. In the coming years, further elaboration of nanoliposomal irinotecan toxicities in patients with UGT1A1 gene polymorphisms and other genetic variants is warranted. Moreover, the efficacy of nanoliposomal irinotecan as a component of first-line regimens for advanced pancreatic cancer and in patients previously treated with nongemcitabinebased regimens remains to be assessed.
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